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The CaterpillarThe Caterpillar
•• Calling something the “intentCalling something the “intent--toto--treat” treat” 

population doesn’t mean the analysis is population doesn’t mean the analysis is 
“intent“intent--toto--treat”treat”

•• “one randomized always analyzed”“one randomized always analyzed”

•• but it depends on the analysisbut it depends on the analysis
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Study CompletersStudy Completers

=placebo =low =high
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Daily Mean Number of Urinary Daily Mean Number of Urinary 
Incontinence EpisodesIncontinence Episodes

PlaceboPlacebo BehaviorBehavior DrugDrug

BaselineBaseline 5.0 5.0 ±± 3.23.2 4.8 4.8 ±± 2.92.9 4.7 4.7 ±± 2.92.9

Proportion missing final valueProportion missing final value

10%10% 12%12% 18%18%

Change to end of studyChange to end of study

LOCFLOCF --2.1 2.1 --2.9 2.9 --3.23.2

ObservedObserved --2.62.6 --2.82.8 --3.03.0

(n=100/group)(n=100/group)
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Data collectedData collected
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ChoicesChoices
•• Don’t have any missing valuesDon’t have any missing values

•• Use what you haveUse what you have

•• Redefine your endpointRedefine your endpoint

•• Use slope Use slope --”random regression””random regression”

•• ImputeImpute

oo If so, how?If so, how?
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Avoid missing valuesAvoid missing values
•• Important to get followImportant to get follow--up measuresup measures

oo Cessation of program not excuse for Cessation of program not excuse for 
failing to measure last observationfailing to measure last observation
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Use what you haveUse what you have
Does not respect the randomizationDoes not respect the randomization
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Redefine your endpointRedefine your endpoint

•• Ventilator use in acute lung injuryVentilator use in acute lung injury

oo Number of days ALIVE and not on Number of days ALIVE and not on 
ventilatorventilator

•• AlcoholismAlcoholism

oo Number of days of Number of days of known known abstinenceabstinence

oo Missing data = heavy drinkingMissing data = heavy drinking



17

Redefine…Redefine…
•• AIDSAIDS

oo Success=Success=KnownKnown increase in weight of increase in weight of 
at least 1 kgat least 1 kg

•• IncontinenceIncontinence

oo Success= Success= KnownKnown number of episodes number of episodes 
less than 3 times per dayless than 3 times per day



18

ImputeImpute
•• Idea: assign number to the last valueIdea: assign number to the last value

•• ChoicesChoices

oo LOCFLOCF

oo WindowsWindows

oo Worst caseWorst case

oo Worst reasonable caseWorst reasonable case

oo Multiple imputationMultiple imputation
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SlopeSlope
•• Assume that slope extends beyond last Assume that slope extends beyond last 

measuremeasure

oo Even after death?Even after death?
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Worst caseWorst case
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Worst reasonable caseWorst reasonable case

x
x

x

x



25

What’s wrong with LOCF?What’s wrong with LOCF?
•• Too little variabilityToo little variability

•• Too many degrees of freedomToo many degrees of freedom

•• Too little variabilityToo little variability
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Multiple imputationMultiple imputation
•• Model relationship of baseline variables Model relationship of baseline variables 

with outcomewith outcome

•• Simulate outcome many timesSimulate outcome many times

•• Calculate statisticCalculate statistic

•• AverageAverage
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MI vs. LOCFMI vs. LOCF
•• Fixes variabilityFixes variability

•• Fixes Fixes dfdf

•• BUT highly model dependentBUT highly model dependent

•• And can sometimes give nonsenseAnd can sometimes give nonsense
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What does it mean to impute?What does it mean to impute?
•• Reason for missingReason for missing

oo MovedMoved

oo DiedDied

oo Adverse eventAdverse event

oo QuitQuit
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Classify your missingClassify your missing
•• Completely at randomCompletely at random

•• At randomAt random

•• Related to treatmentRelated to treatment
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““Sensitivity” AnalysisSensitivity” Analysis
•• Do the conclusions vary depending on the Do the conclusions vary depending on the 

method of analysis you use?method of analysis you use?
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AIDS pAIDS p--values vs. placebovalues vs. placebo
Low doseLow dose High doseHigh dose

CompletersCompleters 0.0060.006 0.040.04

Still on originalStill on original 0.00070.0007 0.100.10

LOCFLOCF 0.0120.012 0.400.40

Dawson/Dawson/LagakosLagakos 0.0120.012 0.530.53

WRCWRC 0.120.12 0.780.78

Multiple imputeMultiple impute 0.0450.045 0.310.31
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Incontinence exampleIncontinence example
•• How sure are we thatHow sure are we that

oo The drug works?The drug works?

oo The behavioral intervention works?The behavioral intervention works?
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ConclusionConclusion
•• Think of how much missing data you will Think of how much missing data you will 

havehave

•• Design study to minimize missing dataDesign study to minimize missing data

•• In analysis, check how robust your In analysis, check how robust your 
analyses areanalyses are
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